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Abstract - lNeteor data obtained from the Southern Hemis-
phere confirms that the strengths of the nelion, apex and
antihelion sources of sporadic meteor activity are in the
ratio 2:1:2 vhen averaged over a whole year, During the
year the helion and anti-helion source sirengtis vary from

0.8 to 4.0 times that of the apex,




INTRODUCTION

In the course of a year-long survey ol meteoric
activity during 1960-61 data of high cuality was obtained
with much intrinsic information concerning the distribution
of meteors in the region of space traced out by the earth's
orbit. The results of the survey have been fully reported
by ELLYETT and KEAY (1961, 1963). Using these results KEAY
(1963) has confirmed that thc density of meteors around
the earth's orbit is sreater in the second hzlf of the year,
This fact, combined with the seasonal effects oi the axial
tilt of the earth, satisfactorily explains the main features
of the observed anaual and diurnal variations in meteoric

ectivity.

In this psaper tiae survey results mentioned above
have been further anslysed to show that although the three
recognised ecliptic concentrations oi sporadic meteor radiants
are always present their relative strengths vary considerably

throughout the ycar.
SPORADIC METEOR RADIZNT DISTRIBUTION MODEL

In recent yczrs it has been definitely estsblished
that the radiants of sporadic meteors tend to be clustered
into three mzjor groupings zlong the ecliptic, On the basis
of observations made between 1930 and 1949 by visual observers

organised by the British Astronomiczl Association, PRENTICE
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anc HAWKINS (41953 and 1957) have shown how the distribution
of sporadic meteor radiants in eclintic latitude is sharply
concentrated on the ecliptic itself, while the distribution
in ecliptic longitude shows two prominent peass, one at the
apex of the earth's way and one near the anti-helion point,
Daylight nsaturally prevented the visual observation of any

peak within asbout 60 degrees of the sun's position,

4 detailed analysis by HAWKINS (1956 a,b) of radar
observations of sporadic meteors obtained between 1949 and
1954 confirmed the visual result and disclosed a third radiant
grouping located neasr the helion point, Subseguent triple-
station radar measurements by D.VIES and GILL (1960) of the
orbits of sporadic meteors, and redar observations by WEISS
and SMITH (41960) using ecuipment similar to that used by
HAWKINS, have substantiated the previous findings. 4ll of
these workers are in agreement that three major groupings of
radiants exist but there is some disagreement as to the
relative strengths of the groupings, It is generally agreed
that the apex grouping is much less compact than the other
two, a result to be expected since the apparent concentration
of radiants near the apex is a conseguence of the streaming

effect brought about by the earth's orbital motion,

In the light orX these results it is clear that a
radiant distribution model consisting of three discrete

independent sources superimposed on a uniform background
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would represent a simple aspproximation to the observed meteor
radiant distribution., Such an epproximation has been used
quite effectively by MEEXS and JAMES (1959) in their pred-
ictions of the monthly variations in mean echo rate observed
in forward scatter commmunication links, When used with the
results of the Christchurch survey, in which very low
resolution aerial systems were employed, a discrete-source
approximation yields even better concord between the computed

an¢ observed echo rates.

In the »published resulis there is agreement that
the helion and anti-helion sources are located between 60
and 70 degrees in ecliptic longitude on their respective
sides of the apex of the earth's way. The obliguity of the
ecliptic (23.45°) is such that 65 degrees in ecliptic long-
itude is ecuivalent to 65 degrecs in right ascension to
within & 3 percent, depending on season, It would thereifore
be legitimate for the purpose of this paper to treat these
coordinates as eculvalent and assume the helion and anti-
helion sources to be located at a fixed hour-angle on either
side of the apex position, In order to simplify calculations
this difference in hour angle was taken to be exactly four
hours in each case; or, in other words, the local mean time
of meridian transit oi the anti-helion source was taken to
be 0200 hours, the apex source 0600 hours and the helion

source 41000 hours,
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SYNTHESIZED DIURN.L R.TE CURVES

The aerial system employed during the survey was
omni~directional in azimuth and its vertical radiation
pattern was known., This enabled the equipment response to
be determined as a simple function of the elevation of a
radiant (KBLY, 1963). The diurnal variation in meteor rate

can therefore be czslculated for any given radiant distribution,

The triple-source radiant distribution model defined
in the previous secticn leads to diurnal rate curves (averaged
on a monthly basis) which are very close to tnose actually
observed, provided the relative stren; ths of the three
sources are adjusted for best fit. The contributions from
the sources are added to the backgrounc level defined by the
minimum value of the observed diurnal rate curve. The minimum
always occurs close to 1800 hcurs L.T., at the time of transit
of the antapex when zll thrce model sources are below the
horizon and therefore not contributing to the echo rate,
Typical results are shovn in Fig. 1., in which the rates
calculated from the model distribution are drawn as histograms
and the measured hourly rates (centred on the half-hour) are
shown as connected dots, The calculated rates for May and
September show close agreement with the measured rates,

This was also the casc for the months of February, ioril, June

and October,
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The histogram for July is the extreme example of the
inadequacy of the simple triple-source radiant model to cope
with a situation where meteors are incicent from a complex of
radiants not coincident with any of the tihree souvrce positions
defined for the model., Smaller discrepancies of a similar
nature were obtained with the diurnal rates calculated for the

months oi March and ..gust.

A different situation is exemplified by the histogram
for December, cre it is the positions as well as the strengtis
of the model sources which need zdjustment in order to obtain
best fit to the mecsured rate values, The anti-helion source
evidently culminates somewhat earlier dGuring December vwiiile
the apex maximum appears to be delayed by the presence of
meteoric activity which the simple model cannot encompass,

The curves for November and Januery show a similar, but smaller

degree oi source misalignment.

During the year two very pronounced peaks of
meteoric activity occur, one at the end of July and the other
in December (ELLYETT and Ku4Y, 1963), and it was for these
two months that the synthesized rate curves (histograms)
were the worst approximctions to the observed di‘wrnal curves,
Even so tihe wvalucs obtained for the source strengtiis at
these times would never be rore than 30 percent in error

except for a nossible underestimete of LO percent for the
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anti-helion source in July and sugust (see Fig. 2) if the
intense meteor showers then present are included in the enti-

helion source cortribution.

LNNULL VIRILTION OF SOURCE STRENGTHS

The source strengths which yield best it between
the synthesized rates and those actually observed vary greatly
during the year. The mean source strengths for each calendar
month are plotted in arbitrary units in Fig. 2 and the amounts
by which the source strengths can be varied while still
maintaining a ressonebly good it are indicated by the upper

and lower limits,

The variation in strength of the apex source follows
the same pattern as the already estcblished annual variction
in the number of sporadic nmeteors encountcred by the earth
(KE.Y, 1963), but, having a meximum to minimum strength ratio
of four to one, it is twice as accentuated., This is readily
explained vhen it is remembered that measurements oif the
annual variation of sporadic meteor inilux includes the
helion and anti-helion contributions as well as those

associated wvith the apex,

The variation in strength of the anti~helion source
follows a fairly similar pattern, in marked contrast to that
of the helion source which stays remarkably constant in

strength throughout the year. Ls a result the antli~helion



source is »dredominsnt during the latier months of the year

while the helion sourcs predominates from March until June.

This helps to explain the observed veriations in the
time of the daily maximum in the sporadic iceteor rate through-—-
out tre year., The Jodrell Bank radzr results cuoted by
LOVELL (1957) exaibited & deily maximum which occurred
between 0330 and 0800 hours L.T., s shown by the middle
plot in PFiz. 3, The Christchurch iresults, on the other hand,
usually exhibited two distinct peaks; one before, and the
other after, 0600 hours L,T, Fig. 3 reveals thet each set
of mesults follows the same trend., From March to June when
the helion source predominates and the anti-helion source is
at its weakest the peaks occur later in the morning. and
towards the end of the year when the anti-helion source is

very strong the peaks cre displaced earlier.
RATIOS Of SOURCE STREIGTHS

From Fig. 2 it is clear that the relative contrib-
utions Trom each of the tiree sources varies considergbly
throughout the year. The ratios of the source strengths
referred to the strength of the apex source are shovwn on a
logarithmic scale in PFig. 4 Trom waich it may be seen that
both the helion/apex and anti-~helion/apex ratios average
close to 2 over a full yeer., This is 1in c¢xcellent agreement

with the northern hemisph<re results ovtained by DiAVIES and
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GILL (4960), However the month-by-month egreement with the
results of DALVILS and GILL is not at a1l good; possibly
because of the fact that their equipment was operated for

only 24 hours in each month,

In both northern =nd southern hemispherc results
the anti-~helion source varies more than the other two through-—
out the year although the maximum values occur six months
epart in the two sets of results. This disagreement must
be due to an observational effect not being properly allowed
for in one or possibly both scts of results. Since a fairly
low proportion of the meteors obscrved by D/VIES and GILL
vere identified as shower meteors it seems surprising that
they recorded their highest rates during May, June and July
when, according to data from both hemispheres (KEAY, 1963),
the relative number of meteors encouniered by the earth is
low, Nor may their result be explained as an effect due to
the axial tilt of the earth which leads to meximum rates

during September in the northern hemisphere,
FURTHER WORK

The foregoing remarks show that while the main
Teatures of the radiant distribution of sporadic meteors are
clear there remsins some disagreement concerning the annual
variation in the distribution, Since this is oi considerable

astronomical interest it woulda be worthwhile to clarify the



Situation by examining other suiteble meteor date such as

that accumulzted during the operation of communications link
utilising meteor forwerd scatter provogation., Had MEEKS and
JAMES attempted to obtzin best it between their calculated
rates anéd those measured over the various communication

paths considered they wouléd hcve obtained the annual veriation
in each orf the tihree model sources, Jlternstively it is
possible tihwat other sufficiently consistent meteor datsa

cxlsts which could be analysed to yield the annual source

variations,
LCKNOWLEDGELENT

The advice and encourszgement given by Dr C.D.

Ellyett is greatly appreciated.




REFERENCES

D.VIES J,G. ana GILL J,C,
ELLYRETT C., and K&.Y C.S.L.
ELLYETT C., and KEAY C.S.L.
HLAWKINS G.S.
HAWXINS G.S.
H/WKIRS G.8. ana

PRENTICE J.P.l,
KE.Y C.8.5L.
LOVELL /.C.3.
MEEKS li.L, and JiLIES J.C.
PRENTICE J.P.H.

WEISS iisie 2nd SHMITE J.%W.

1960
1961
1963
19562
19560

1957
1963
1957

10,

Mon,Not.R...str.80c,124,437
J.Geonhys.Res.66, 2590
Mon.Not,R..str.Soc. 125,
Mon.Not.R..8tr.S0c, 116, 92

Astr.d. 61, 386.

istr.d. 62, 234
Yon.,Mot.R.4A5tr,Soc, In Press
Hbk,., dcr Physilk, 48, L27
J..tmosph, Terr,Phys, 16, 228
J.Brit,istr..ssoc. 63, 175

Mon,Not.R..str.So0c, 121, 5.



°SIUSTPBI J093aw OTpeJOds JO UCIINQIIISTIP 1¥n08 o3 Suljussoadsl Topox STAWIS B8 UT S90JI00S 9aJU3l 8yl JO Woss Jo
sy3duadds oyl 31 1599 Jo0F Burisulpe Lq PSUTIIq0 SSIBI PSZTSSYIULS JUSEDICHI SWRIFoISTY SuTAuedmodsds suyj °*830p

P3309UUOD 5O 83198 B £q WACHS ST 3721 J033IW UT UOTIVTIBA TPUINTP PRAJOSQO JU3 SUIUOT DPOIOSTIE JNOT JO UDBS J07 | *31d

0961

y¥3aW3D3q o
IWVIL WI0T S¥NOMH
el L o9 o0 000 oo
e
ity :
02/
096l AN -

JLvY YOILIN ATYNOH

JiVY YOILIN ATHNOH

IVL TOOT SENOH

008/ oo/ 0090 0000 008/
¥ PP S | et a2 b a2 . . I B .0
i
02/
096l ¥3gW31d3s i
o9/
3W/L TVIO0T SUNOH
oo.m\ O&Ns 0090 0000 008/
e e e 2 5 " " . Il " . a2 " iy . °
=l d
-
-08
—_—
- Q27
096l AVIN
09/

JLVY YOILIN ANINOK

JLVY YOILIN ATHNOW



k—k

i ANT/ ~HELION SOURCE / T A

%
2 S 4

L

8-

IN ARBITRARY UNITS

& -

2~

APEX  SOURCE

STRENGTHS

SOURCE

HELION  SOURCE

Fig, 2

P I L L
DEC IJAN‘I‘Z‘B 'mn lAPR 'mr ‘./wv JUL AUGISEP OCT NOV DEC JAN

The calculated annual veriation in strength ol each of the thuce
major groupinpgs of sporadic meteor radiants along the ecliptic,



HOURS LOCAL TIME

JAN FEB MARAPR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR.

Mg, 3 The obscrved vuriations in the time of the daily maximum in the sporadic
meteor rate throughout the ycar, The single maximum obscrved with the Jodrell
Bank equipment is shown by the squares, while the circles show the two maxima
usually observed with the Christchurch equipment,
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Fig, 4 The annual variation in the ratios of the source strengths,



